Implications of a non-lamellar lipid phase for the tight junction stability. Part I: Influence of basic amino acids, pH and protamine on the bilayer-hexagonal II phase behaviour of PS-containing PE membranes.
Inverted lipid micelles have been proposed, among other biological functions, to constitute the structural basis of the so-called tight junctions, a special cell cell contact found in epithelia and endothelial, which act as a barrier for the paracellular solute passage. As a model system for the opening and closing of this gate, we investigated the formation of the inverted hexagonal phase (HII phase) in lipid bilayer systems consisting of egg phosphatidylethanolamine (egg PE) and mixed egg PE/bovine brain phosphatidylserine (BBPS) membranes. The formation of the HII phase was modulated by Ca2+ ions, pH, basic amino acids and protamine. The lamellar-HII phase transition temperature TH of pure egg PE membranes at pH 7.0 was lowered with increasing Ca2+ concentration. This effect was attenuated by the presence of 50 mM lysine methyl ester. In the mixed lipid system, this effect was also observed, but even more pronounced. However this effect could be compensated for by raising the Ca2+ concentration from 2 to 10 mM. This was not observed in the pure PE system. In the absence of Ca2+, lysine methyl ester and protamine lowered TH in both monocomponent and mixed lipid systems, whereas lysine caused the opposite effect. The pH-dependence of mixed lipid systems, which were investigated up to a BBPS content of 20 mol%, clearly shows that increasing PS content stabilizes the lamellar phase even at low pH. The results obtained with model membranes are discussed with respect to biological implications of the lamellar-HII phase transition for the modulation of tight junction stability.